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HQYLURQPHQWLQGLFDWLQJDUHDVZKHUHWKHWUDQVSRUWV\VWHPLVSHUIRUPLQJZHOODQGRWKHUDUHDVZKHUHLWLVLQHIILFLHQW
$OVRVLQFHLQGXFHGWUDYHOWLPHUHODWLRQVDUHFHQWUDOWRWUDQVSRUWV\VWHPVVSDWLDODQDO\VLVRIWLPHVSDFHFDQEHPRUH
PHDQLQJIXOWKDQDQDO\VLVRIJHRJUDSKLFVSDFHLQXQGHUVWDQGLQJWUDQVSRUWV\VWHPSHUIRUPDQFH1REELU+DUYH\
6HYHUDODWWHPSWVZHUHGRQHHYHQLQ+XQJDU\IRUWUDYHOWLPHEDVHGPDSV)LJ


)LJ$FFHVVLELOLW\RIKLJKZD\VVRXUFH.7,±,QVWLWXWHIRU7UDQVSRUW6FLHQFHV
7KHDLPRIDXWKRUVZDVWREXLOGXSDGLVWRUWHGPDSWKDWVLJQLILFDQWO\VKRZVWKHFKDQJHVLQWUDYHOWLPHFRPSDUHGWR
JHRJUDSKLFDOPDSEXWQRWRQO\IRURQHPRGHRI WUDQVSRUWDVVXFKPRGHOVDUHDOUHDG\H[LVWLQJ)LF]HUH8OWPDQQ
7|U|N  EXW WR H[WHQG WKH PRGHO WR DVVHVV DOO PRGHV $XWKRUV KDYH LQYHVWLJDWHG WKH GLIIHUHQW NLQG RI
WUDQVIRUPDWLRQVRIUHJLRQDOWUDQVSRUWPDSVLQRUGHUWRJDLQQHZLQIRUPDWLRQRQSRVVLEOHGHYHORSPHQWVHJUDWHRI
FHQWUDOLVDWLRQPLVVLQJOLQNVHWF7KHEDVLF%XGDSHVWDJJORPHUDWLRQKDVEHHQH[DPLQHGEXWWKHGHVFULEHGPHWKRG
FDQEHDGDSWHGWRRWKHUDUHDVDVZHOO1RZDGD\VUDLOZD\UHDFKHVLWVVHFRQG³JROGHQDJH´DW(XURSHDQOHYHOPRUHDQG
PRUHIXQGVDUHDYDLODEOHIRUUDLOZD\LQYHVWPHQWVHYHQLQVXEXUEDQDUHDVLQRUGHUWRLQFUHDVHHIILFLHQWXVDJHRIUDLOURDG
*DãSDUtN=LWULFNê$PHWKRGKDGEHHQLQYHVWLJDWHGZKLFKLVDEOHQRWRQO\WRDQDO\VHWKHUHGXFWLRQRIWUDYHO
WLPHLQWKHDJJORPHUDWLRQDVDVRFLDOEHQHILWIRUWKHFXUUHQWV\VWHPEXWLVFDSDEOHRIHVWLPDWLQJWKHVRFLDOEHQHILWVRI
IXWXUH LQYHVWPHQWVDQGPRGLILFDWLRQVDVZHOO ,Q WKLVSDSHUDXWKRUKDV LQYHVWLJDWHGWKHDJJORPHUDWLRQRI%XGDSHVW
)LJ
7RWDODUHDRILQYHVWLJDWLRQNPSRSXODWLRQDFFRUGLQJWRFHQVXVLVLQKDELWDQWLQWKHDUHD
3RSXODWLRQ DYHUDJH GHQVLW\ LV  LQKDELWDQWVNP 7KHUH DUH FRDFK DQG WUDLQ VHUYLFH LQ WKH DUHD %H\RQG WKHP
SDVVHQJHUFDUWUDQVSRUWERWKRQQDWLRQDOURDGDQGRQH[SUHVVZD\ZDVDOVRLQFRUSRUDWHGWRDQDO\VLV
0HWKRGRORJ\
0DSSLQJWLPHVSDFHVKDVDORQJKLVWRU\LQVSDWLDODQDO\VLV5HVHDUFKGDWHVEDFNWRSLRQHHULQJZRUNLQWKHV
E\:DOGR7REOHUDQG:LOOLDP%XQJH%XQJH7REOHU&DUWRJUDSKLFWUDQVIRUPDWLRQVWRJHQHUDWHWLPH±
VSDFHVUHDFKHGDSHDNLQWKHVZLWKWKHZRUNRIUHVHDUFKHUVVXFKDV0DUFKDQG)RUHU(ZLQJ
:ROIH  &ODUN 0XOOHU  'HVSLWH WKH HIIRUWV RI WKHVH DQG VXEVHTXHQW UHVHDUFKHUV NH\ LVVXHV
VXUURXQGLQJWLPHVSDFHPDSSLQJUHPDLQXQUHVROYHG,QFRQFOXVLYHUHVXOWVUHJDUGLQJWKHQDWXUHRIWLPHVSDFHVDQGWKHLU
VWUXFWXUHSUREDEO\UHVXOWIURPWKHVWDWHRINH\WUDQVIRUPDWLRQWHFKQLTXHVVXFKDVPXOWLGLPHQVLRQDOVFDOLQJ0'6DQG
PDSFRPSDULVRQWHFKQLTXHV7KHUHDUHGLIIHUHQWZD\VWRHVWDEOLVKWKHFRQQHFWLRQEHWZHHQWKHWZRGLIIHUHQWW\SHRI
PDSVWKHWUDYHOWLPHDQGWKHJHRJUDSKLFDOPDSVXFKDVLQFDVHRI%HUWDDQG7RURN7KHHDVLHVWDQGPRVW
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DFFXUDWHZD\ZDVWRILQGVRPHFRQWUROSRLQWVVLJQLILFDQWSRLQWVZKLFKFDQEHHDVLO\ILQGRQERWKRIWKHWZRPDSVWR
GHWHUPLQHWKHPDWKHPDWLFDOUHODWLRQVKLS,QRXUFDVHGLIIHUHQWSRLQWVZHUHJLYHQLQWKHWUDQVIRUPDWLRQV%XGDSHVW
DQGQHDUE\VHWWOHPHQWVWR%XGDSHVW7KHFRUUHVSRQGLQJWUDYHOWLPHGDWDZHUHFROOHFWHGEHWZHHQWKHPIRUFRDFKIRU
WUDLQDQGIRUSDVVHQJHUFDUDQGWZRGLIIHUHQWRULJLQGHVWLQDWLRQPDWULFHVZHUHEXLOWLQ([FHOVSUHDGVKHHWIRUHDFKPRGH
2QH LVEDVHGRQJHRJUDSKLFDOGLVWDQFHDQG WKHRWKHU LVIRU WUDYHO WLPH7KHPRGHO LVYHU\VLPLODU WR7RURNPRGHO
)LF]HUH8OWPDQQ7RURN EXWH[WHQGHGWRRWKHUUHOHYDQWWUDQVSRUWPRGHVRIWKHDJJORPHUDWLRQ


)LJ*HRJUDSKLFDOVLWXDWLRQRIDJJORPHUDWLRQRI%XGDSHVW
$XWKRUKDV LQYHVWLJDWHG WKHSRVVLEOHPDS WUDQVIRUPDWLRQ DQG IRXQG WKDW UXEEHU VKHHWPHWKRG 'R\WVKHU
SURYLGHVWKHEHVWILWWLQJVROXWLRQ,WLVEDVHGRQD³IOH[LEOHVXUIDFH´LQZKLFKWKHRULJLQDOPDSSRLQWVDUHQRWXQLIRUPO\
WUDQVIRUPHG7KH³UXEEHUVKHHW´WUDQVIRUPDWLRQVFDQEHLPSOHPHQWHGSDUWO\DVZHOO±WKH\DUHXVXDOO\FDOOHGSDWFK±
VRWKHPDSFDQEHGLYLGHGLQWRUHJLRQVDQGHYHU\SDUWFDQKDYHRILWVRZQWUDQVIRUPDWLRQHTXDWLRQ7KHHTXDWLRQV
QHHGWRVDWLVI\WKHFRQWLQXLW\FRQGLWLRQRISDUWVQDPHO\WKHILUVWDQGVHFRQGGHULYDWHVVXSSRVHGWREHWKHVDPHLQWKH
FRQQHFWLQJSRLQWV7KHUHIRUHWKHUHVLGXDOVDUHDOZD\V]HUR7KHPDLQHTXDWLRQFDQQRWEHGHVFULEHGLQDFORVHGIRUP
LWYDU\ORFDOO\
5HVXOWV
7KHWUDQVIRUPDWLRQPDWULFHVRULJLQDQGGHVWLQDWLRQPDWULFHVIRUDOO WUDQVSRUWPRGHVIRUJHRJUDSKLFDOGLVWDQFHV
PHDVXUHGRQWUDYHOSDWKDQGIRUWUDYHOWLPHDOVRZHUHXVHGWRPRGLI\WKHJHRJUDSKLFDOPDSLQRUGHUWRLQYHVWLJDWHWKH
WUDQVSRUWVLWXDWLRQLQWKHDJJORPHUDWLRQRI%XGDSHVW7KHLQSXWGDWDVHWZHUHEDVHGRQWKHDYHUDJHWUDYHOWLPHIURP
VFKHGXOH
$VLWFDQEHVHHQRQ)LJWKHUHGOLQHVKRZVWKHDYHUDJHWUDYHOWLPHIRUSDVVHQJHUFDUVIURP%XGD|UVLVPRUHWKDQ
KRXU7KH\HOORZOLQHVKRZVWKHDYHUDJHWUDYHOWLPHIRUSDVVHQJHUFDUVIURP%XGD|UVLVPRUHWKDQKRXU7KH
\HOORZOLQHVKRZVWKHDYHUDJHWUDYHOWLPHIRUSDVVHQJHUFDUVIURP%XGD|UVLVOHVVWKDQKRXU7KHVHOLQHVJLYHYHU\
OLWWOHLQIRUPDWLRQWKHUHIRUHPDSGLVWRUWLRQZHUHXVH)LJ
7KHVDPHPDSVJHRJUDSKLFDODQGGLVWRUWHGZHUHFDOFXODWHGIRUFRDFKDQGWUDLQVHUYLFHVDVZHOO7KHPRGHOKDV
H[WHQGHGDQGQRWRQO\WKHPRGDOVROXWLRQVZHUHFUHDWHGEXWWKHRYHUDOOPLQLPDOWUDYHOWLPHZHUHDOVRYLVXDOL]HG7KH
RYHUDOOPLQLPXPZHUHFDOFXODWHGEDVHGRQWKHVHSDUDWHGPRGHVDQGWKHLUWUDYHOWLPHZHUHPLQLPDOL]HG
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 
 )LJ*HRJUDSKLFDOPDSRIDJJORPHUDWLRQ±LVRFKURQHFXUYHV )LJ'LVWRUWHGPDSRIDJJORPHUDWLRQ±LVRFKURQHFXUYHV
 RISDVVHQJHUFDUWUDQVSRUW FLUFOHVRISDVVHQJHUFDUWUDQVSRUW
$QDO\VLV
$VLWFDQEHVHHQIRUP)LJDQG)LJWKHDJJORPHUDWLRQRI%XGDSHVWWUDQVSRUWOLQNVZHUHH[DPLQHGEDVHGRQWKH
WUDYHOWLPH3XEOLFFRDFKDQGWUDLQVHUYLFHDQGSULYDWHFDURQPRWRUZD\DQGRQQDWLRQDOURDGWUDQVSRUWZHUHDOVR
FRQVLGHUHGDQGFRPELQHGDQDO\VLVZHUHGRQH+DYLQJDQDO\VHGWKHFXUUHQWVWDWXVDQGGHYHORSPHQWSRWHQWLDORIWKH
+XQJDULDQH[SUHVVZD\DQGUDLOURDGQHWZRUNVLQWKHDJJORPHUDWLRQLWFDQEHVWDWHGWKDWWKHLQGLYLGXDOURDGYHKLFOHXVH
LQWKHDJJORPHUDWLRQLVHFRQRPLFDOO\PRUHEHQHILFLDOWKHSXEOLFWUDQVSRUWFDQEHFRPSHWLWLYHEXWWKHVHUYLFHOHYHO
PXVW EH LQFUHDVHG LQ RUGHU WR LQFUHDVH DWWUDFWLYHQHVV 7KLV LV HVSHFLDOO\ YDOLG IRU WKH VRXWKZHVW SDUW RI WKH
DJJORPHUDWLRQRI%XGDSHVWZKHUHVHWWOHPHQWVDUHORFDWHGQHDUWRRWKHUVXFKDV%XGD|UV%XGDNHV]L7|U|NEiOLQW
6yVN~W DQGeUG ,W FDQEH VWDWHG WKDW WKH WUDQVSRUW FRQQHFWLRQ LQ QRUWKZHVW DQG VRXWKHDVW GLUHFWLRQQHHGV WR EH
LPSURYHG$VLWFDQEHVHHQRQWKHPDS)LJRU)LJWKHWUDYHOWLPHLQWKHVHGLUHFWLRQVDUHKLJKHU

  
 )LJ*HRJUDSKLFDOPDSRIDJJORPHUDWLRQ±PLQLPDO )LJ'LVWRUWHGPDSRIDJJORPHUDWLRQ±LVRFKURQHFXUYHV
 LVRFKURQHFXUYHVRIWUDQVSRUWLQWKHDJJORPHUDWLRQ FLUFOHVRIWUDQVSRUWLQDJJORPHUDWLRQ
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7KH SUHVHQWHG V\VWHP LV VXLWDEOH IRU DQDO\VLV RI WUDQVSRUW WLPH UHODWHG LQIUDVWUXFWXUH GHYHORSPHQW RU FKDQJHV
SDUWLFXODUO\ZLWKUHJDUGWRVRFLDOEHQHILWVIURPWKHVKRUWHQLQJRIWUDYHOWLPH
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